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(57) Abstract: 

PROBLEM TO BE SOLVED: To obtain a semiconductor 
light emitting element in which the composition of InGaN 
and the charactenstics, e.g. thickness of film, are 
stabilized in lamination by inserting a third layer of a 
material shown by a compositional formula between first 
and second layers. 

SOLUTION: A GaN layer 103 is formed on one major 
surface of a sapphire substrate 101 followed by 
formation of a laminate where a third layer 107 of a 
material shown by a compositional formula In^LGa-^.yN 
(0^x^1, O^y^l) is inserted between a first layer 105 
of a material shown by a compositional formula 
Ir^ALGa^^yN (0^x^1 , 0^ys1) and a second layer 109 of 
a material shown by a compositional formuia In^ALGa-i.x.yN 
{0sxs1, 0sys1). This structure realizes a lamination 
where the composition of InGaN and the characteristics, 
e.g. thickness of film, are stabilized. 




COPYRIGHT: (C)1997,JPO 



(i9)n*Gm«ffi? (j p) 



«2> & M # It ^ 



(A) (lD^ttiM^M*^ 

^3^9-186363 

C43)^M B ¥ft£ 9 ¥ (1997) 7 £ 15 B 



(51)Int-CL s 

H 0 1 L 33/00 
//HOIS 3/18 



F I 

HO 1 L 33/00 
HOIS 3/18 



m#m& *m$t m&izofks ol 5 jo 





ftK¥7 - 341692 


<71)ttJKA 


000003078 














(22)tfJ«B 


¥J5£7^(1995)12 H27B 














^A 












#^ 
















(72)»W« 


s;n iEff 




























(74)f«A 







(54) W8<7)£;fr] ¥^»«^2ftt»©»fcfr8s 



(57) [gift] 

[mm] CL<D8ffli±. I nAlGaNJg±tC-?-nj;0 

Vffik^®] ZVmm. InAlGaNllC^ 

C InAlGaN®(Cg_htCl|^{SaiGaNJl$:igf 
it£^i:£cfc^ I nAlGaNil^^fl^^fb^ 
-y-n- I n A 1 G a,Nm±^(Df^M^mx !P sbiSS^fiJc 
H^<7) G a NJf £8011" £ d i: 3& S X- # S <t -5 CfiSfig^ 



-109 
-107 
-105 

-103 



-101 



1 

[mm 1 ] «^h(C^itxt I nx A 1 Y G a i -x-Y 

n (ogx^i, osy^i) -ea^ns^r-^^ 
ntzmm^m^wmmm LX5Z%^imytM r fx&^ 

X, >p%L<£t^ i^HIm A 1 Y Gai-x-Y N (0 
<X^1, O^Ygl) t-a?n5mT*$n/:^ 
lCD®±iC*§J5Jc^:inx Aly Gai-x-Y N (O^X^ 

immztiri, ^^mmmtt&i, ^x, 

lY Gai-x-Y N (OgX^l, O^Y^l) X^ti 
nfc£ 3 ©H£lf -f £ C i: fefflSi: 

n 2 ^/i6D5Jti^ j: o ^umx^mztu < 

31 2 ©JBStflul 2f§ 3 ®/g#G a NJBT-$>£ C 

■rsis^i i xti 2 iett©4Mw*^R^ 0 

[If»14] «^htC|g^Inx Aly Gai-x-Y 

n (ogxgi, o^y^d xmzn&tmxmtiiz 

X&^>X, '>£<fc^ ^g^Inx Aly Gai-x-Y 

n (o<x^i, o^y^d xm^nzmix-mmz 

titzm KDm±^mM^I m AlyGai-x-Y N (0 

^x^i, o^y^d xmzftztmxmmztitzM 
i o o o°cvx±(D^mx, m^m 1 (Dm^m^r^xm 
m^mi(Dm^m.^mj:otm^mx, win 

X A 1 Y Gai-x-Y N (O^X^l, O^Y^l) XBl 

znzmtem&ztitdm 3 omzmzm 1 nmuzm, 
i o o o°axJtcDSST% mmfi^2©n^^rie^3(73e 

Clf^lIS] ifTjf B£ 1 <Z>/B# I nAlGaNl, ful2 
MS 2 CDS&tmi SIS 3 <Z)Jf #G a NfgT-<fc £ d 

[0 0 0 1 ] 

VZOWmtimzMU I nA lGaN^f* 

ho 

[0 0 0 2 ] 

[^cDfj^i] InAlG aN^Wif^M 



C 2 ) t#!f!^9 - 1 8 6 3 6 3 

2 

1 G a N ^M£ft>N<Z>#tf§i il5<^Il^o 
[0 0 0 3] InAlGaN^Wt GaN. Al 
N, I n N^com^mm 2 jz^tt0Mfr£?£>-&lz X 9 
MteJc^a^A^ ^(©^T-^GaNlCo^Tflll^a 5 ^ 

70 [0 0 0 4] GaNd 1 7 0 0°ClX±.tM<, 

¥^ H ^Jc^C(^W K^>T KliUMJI (HVPE) 
^^JimffiSJI (MOCVD) ^^^LTffl^^ 
fU ^(CMOCVD&tCj;^ GaNCIn^^liA 
l^MWIm Gai-x N-^AIy Gai-Y N©3^ 

[0 0 0 5] cn^*Jiej<o^D^S^^i^^ 

d^Cj;^ itDBOg LED ^^Jl L D £ mt~t ZZt. 

[0 0 0 6] £tz, ^(Clnx Gai-x N(±. ^©In 
^ttX^t^SChCJ; K>^> K** 
^r— $:GaNcD3. 4 e Vi?^ I nN(^ 2 e V^t*'M 

[0 0 0 7] 

j» nx Gai-x N60 3^MiC(iUT60J:^^Pam^^> 

[0 0 0 8] ±ifi3^fg^iiiGaNfc I nNM^^to 
WifigtSIttf-Cil)^ GaNiifflSI^^ 
SfcjftC 1 0 0 0*CJ.Xh©E£S^S^h1-5cO(^ 
U ttM8m&m<DM\\I n te^ts! nNli±IBGaN 

[0 0 0 9] Z<Dft#k Inx Gai-x N^^Ci^^ 

40 ^GaNJ;0^fS<-r^^^^ (Appl.Phys.Lett.5 
9.2251(1991)) o 

[0 0 10] CtlMU AlGaNWT-(±GaN 
hrsJ^^^^T^M^tlT-^^ (Appl.Phys. 
Lett. 64. 1535(1994)) Q 
[0011] '&r>T, m(iGaNfeSl^iAlGN^ 
h'JIT-I nGaNfS^^^ii^^^U^-ra 
( ±B£gfl#C ^ CD^S T-^c^r^ =£ £ x. 5 ^ A s *> 
So ^CSA\ CWioftMtaS^ InGaNfi 
f^S^iaot I nGaNJl^a@^e>^^JE<75 
5^ I nco^^C 0 , I n G a NJg^SS^^f b^ 5 



(3) Vffl\V9 - 1 8 6 3 6 3 

3 4 

,[0 0 1 2] ^e/j(i±Icimtf^^LT^^n^^C0 [0 0 15] InAlGaNJS±tC€n^0 5Jc 

T\ ^<7)gfl<j£:-f3i:::-?>ii, InGaNiC^InG ^i^(7)^^^GaN®^lfiJlt*5^D^(7>f1s 

a N J: 5 a N£>£t, A 1 G a N £ SSCist ^T, InAlGa NUcTDiILliiC ZtitM UfigS 

lOTLfe^^nf^cD^Jc^^^T, InGaNco^ic ^&£U±«£flGaN (£fc(iA 1 GaN) ®<£>5£ 

J ^^^h'c^t$^^C^1-^Ci:^-C-^. JI^J^^^J^JtT-GaN (StliAlN, A 

nG a.NZrmmtLtz^itmM^RV^m&X 1 GaN) Jf ig^^i&gtc 

S^HiWCtU^o BlGaN®©J5JfcS£ff-3£>T-&<5o 

[0 0 13] 70 [0016]^ InAlGa-Nm^^tm^mt 

[m&zffik?%rz&><&£m ±BE^m^r^tzid mtLzmi^w&tziiL ms&mommit in aig 

tttt:»:ini Aly Gai-x-YN aNJf<Z>]18? X <9 U * fcGaN«©3|«Si(±c: 

(ogx^i, o^y^d x^n^nxm^ti <D±mzmmt^m^^oa.Nm<^nsLt.m^zT^> 

T, '>&<£:£k ^Jt^Inx Aly Gai-x-YN (0 [0 0 17] 

<x^ i , o ^y^ i ) z^n&tmxm&zzntzm \§m<n?mmm\ ot, ^mmmzmmzmm 

l(Dm±izmm^Inx AIy Gai-x-Y N (0^X^ £ffl^T§^1-£o 

i , o ^ i ) T-^^n^w^T-m^nt^ 2 <Dm [ooisi^i i$&m&'^0ft2mzi&z> i nA 1 

JltmilB^2 0DiS©ra(Cti, ffi^Inx Aly Ga £0 [0019] m 1 fCfc^T, ^^O^^B^Cf^^ 

l-X-Y N (O^X^l, O^Y^l) X^ti^Unx InAlGaN/GaN^OTUSl t^WTKfc 

mi&i*ntzn3<nm*tt%Z£&mL£-tZ> 9 1 0 l©-£I±t:GaNll 0 3, InAlGaNl 

[0014] ±immz£tu& m 1 ©e±c*w<jctt 1 <z>ji ) 105, ^mm^mx:&&mm&mG 

mi^t£m3(Dm%mmistz<DX\ mm^&co^^ aN/i (mzcom) 107, GaN® (m2<z>m) 10 

r-^So m3(Dmiz, miz>mti>e>inim3% [an] 

GaN 103 2. OO^rn, 1 0 5 0'C 

I n A 1 GaN 105 1. 0 0 utsu 8 0 0°C 

GaN 1 0 7 0. 0 Sum. 8 0 0°C 

GaN 1 0 9 0. 5 Cam. 1 0 5 0°C 

mz, *mm$^-&zn%&&mG a.Nm i o nz mi o i zmmLxi^^y^Mzm-zmim^ 

oi, ^xmmt%o zmtex^to 

[0 0 2 0] Ga.N^^mm^M^miZJiO^CDm^ [0 0 2 3] ll^iMiGaNl 0 7»^>7;i/ 

ff2tft&*Pfc!X #Jxt£CClT-$:^gJ£a s l 0 5 0°C<h^ ©I ni^7D77^;n-(iI nAlGaNJf 1 0 5cD 

ux(Df^mx'^^^it^rzmt^ri^ti\ s o o°c mn^^t-^ii^^iti n©ru7 7'f;^ s E^n 

ttt^^^T-M^T-ii^^V^TX^fe^t^^ t\ I nAlGaNll 0 5tm<^Xl^Zt^t) 

<D^&7^j\s7Tz{tLtd§&i$M£ti2>o fe-^r, fi>z> a £tz, my->^jixiz^kMiz^^(?)7'u7 7-( 

aMfc^^f^^c^^r-^dc^^^n^Ci:^ £ G cniilnAlGaNJll 0 5 ±izM^MG a N 

^±^w^^f^ch(iiiL^ 0 hi o 9zmm-f%tz$>i<zf&g:umz8 o o a c^ i o 

[0 0 2 1 ] LfrL&a*^ ±JdT-^L£:«MCf&£ 5 OXX^x^^&'X CCTn^^t; I ncT)^ 

fiit^ctoC I n A 1 G a Nig 1 0 5 <t G a Nig 1 0 ffi, $>W^bLfc£0DT*&5o 9* InAlGa 

9^CP^&(SIIGaNJSl 0 7 $ffM"Tl>Cfc(Cct Nl 0 5£JB)SL*:f& V^#4T-££ N H 3 

^ I nGaN^- ! iMIW^WBSf5^i:A s ^■CJ5Jc^tlSSS:^X.57 , D-b^ £fToTi ^*>\ ,^U± 

[0 0 2 2 ] 02(i, EllT-7nL/cFtHI^^2^Y^ fK<^^A#l^ J; 0 . fjPf^^F^J; WJtJ^ 

wms^-z&Zo zzxutm<7)tz^&mkm%Ga.N so [002 4] cmc*tu ^^iGaNiio7^ 



4) 



9 - 1 8 6 3 6 3 



6 



:tf>cfc^& I 

n A 1 G a N 1 0 5 CDfim-P I nM^fftli^ieti 
£#jHa<](C|S/jl ^ ^Z 

[0 0 2 5] c;T-iiInAlGaNl±-s©GaNI 
Wx.f;f InGaN, InAIN) ±^mmm 

n-GaN^>^^ hJl 
n- InAlGaN^-y b'J> 
undoped- InGa NfSt^S 
p-GaNl^Mi 
p - I nAlGaN^7^ W 
p-GaNn >^ hJf 
[0 0 2 8] fc4b\ «!w±A^©«i3 1 5:fc\£tf 3 1 
7lifti?tin-GaN^>^ h/f 3 0 3&j;t>*p- 
GaN=J>^^7 h/13 1 3±©— gWCffM^nr^^o 
[0 0 2 9] ^I«MtI^5^liInGaN 
fst^3 0 7±(;p-GaNimii3 0 9 £ffH 

[0 0 3 0] p-GaNS^rai3 0 9A^i^n 
T^A^^^^cDLEDTri^ ^©S&^f&i P - I 
nAlGaN^7^ K®3 1 1 <DfflT Z1%<?M%&.(D 
WmX' InGaN307 i£teB<Z>fl£W3 I n*EJ5fc<Z> 

[0 0 3 1 ] CftCttU ^3iC/^f LEDflB£T-t±, 
p-InAlGaN^77 KJB3 1 1 £flW-f£BfcfC<# 

^H#^^^oT^p-GaN^#^^li/13 0 9 <D 
MaDInGaN30 7 rSt4)lCD^S4^^bii^ 

[0 0 3 2] St, m3C/TVrLEDtf$££W\ In 
GaNr£t^3 0 7©I n^l±X£:0;^0. 6 £X 

[0033] ^ *»^(i±izn LAc^WJtc^^n 

AlGaN^InAlGaNiaotM 

I nGaN^t^hfsJU^T-lf/f In 
G a N fStm^fe^ttiC^lP^: ^X. & (, ^^g/rc-&tU;f 



70 



20 



30 



40 



50 



[0 0 2 6] ^WJ^^B*gi::f£3 I n A 1 

G a N/G a N^jSJgmiI£^$60 LED (Cffll 

I n A 1 GaN/G a N&mmmm%m ^fzLEDom 

timmm&^tmx'&Zo 

[0 0 2 7] 1^3 feasor, Z^LEDGDtfSfiOTUu it 

^y^^»^3 o i±cfira^ns ^nm^mip^j: 

H2] 

3 0 3 4. 0 0 Aim, 1 0 5 0°C 

3 0 5 1 . 0 Ojum, 1 0 5 0 5 C 

3 0 7 0. IQjum, 8 0 0°C 

3 0 9 0. 0 Sum, 8 0 0°C 

3 1 1 1 . 0 O^m, 1 0 5 0°C 

3 1 3 0. 5 Qum, 1 0 5 0°C 

~^zm\^&Zh^mtzX&Z>o GaAsN 

ha ^m^w^Mki.^^^mxm^^ 

\^xmMvJ&X'&%o 

[0 0 3 4] 

[0035] witanii ^&*ofW£ 

m 1 ] *^®^S£Off$SfCf^5 I n A 1 G a N/G 

a N^mmm&oim^mx&z „ 

[12 2] 01T-^bt-9lllflljS©2^2r->S»^(C 

[12 3] !IIlT*^L/im!l^^W^^LEDc7)TO^f 

[?^£>i&EE] 

101, 3 0 1 t^T-fT^M 
1 0 3, 1 0 9 GaNl 
105 I nA 1 GaNl 

107 ft-m&mzGsLNm 

3 0 3 n-GaN3>^^7hI 

3 0 5 n-InAlGaN^7yFI 

3 0 9 p-GaNWt^{£l*Jf 

3 11 p- I nA!GaN^77 KJf 



7 

313 p-GaNn>*?H 

[mi] 



K-109 
-107 
-105 

-103 



-101 



10* i 



I n 
S 10* - 



10* 



10 - 



(5) ttff#i^9 - 1 8 6 3 6 3 

8 

3 15. 3 17 W$u£KM(Dm& 



[HI 2] 




1 2 3 



u-303 



,301 



